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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S117interpreting these. Gait Deviation Index (GDI) summarizes the lower
limb kinematic data and describes 98% of the variation in gait and may
be used to expresses the degree of gait pathology in patients compared
to an age-matched healthy group. Thus, GDI as a measure of gait quality
might help the clinicians interpreting data from the gait analysis.
Knowledge about associations between hip muscle strength, gait
velocity and gait quality would improve the understanding of rehabil-
itation aiming at improving hip muscle function. The aim of this study
was to investigate associations between hip muscle strength, gait
velocity, and GDI in patients with end-stage hip OA.
Methods: A cohort of 20 consecutive patients all with unilateral end-
stage hip OA scheduled for THA (5 women and 15 men; age 61  5.8
years; BMI 28.13.4 (mean SD)). All completed 3D gait analysis using
Vicon, Oxford, UKmovement analysis system (100 Hz) with the Plug-in-
Gait marker set. Five gait trials were used to calculate the median GDI
score and self-selected velocity for each patient. A GDI of 100 indicates
no gait pathology and a 10 point change represents 1 standard deviation
from the reference group. In our study, kinematic data from 20 age-
matched healthy controls were used as reference. All patients per-
formed isometric maximal voluntary hip muscle strength (iMVC) tests
(hip-ﬂexion, -abduction and -extension) in standing position. For each
muscle group, three test contractions were performed. The contraction
with maximal iMVC was selected for analysis. Multiple and simple
linear regression analysis were used to determine coefﬁcient of deter-
mination (R2) using GDI or gait velocity as dependent variables and hip
iMVC (ﬂexion, abduction, and extension) as the independent variables.
Paired T-test was used when testing GDI for the affected versus the
unaffected limb.
Results: A moderate signiﬁcant association (R2 ¼ 0.43; p ¼ 0.03)
between gait velocity and hip iMVC was observed when using multiple
linear regression (Table 1). Furthermore, simple regression analysis
revealed a moderate association (R2 ¼ 0.23; p ¼ 0.03) between hip
abduction and gait velocity (Table 1). A signiﬁcant difference (p ¼ 0.03)
in GDI between the affected and unaffected limb was observed (85  9
versus 91 10 for the affected and unaffected limb, respectively).
However, no association between GDI and hip iMVC was found in the
multiple or simple regression analysis (Table 1).
Conclusions: The present study conﬁrms an association between hip
iMVC and gait velocity on the affected limb for patients scheduled for
THA. The present data indicate that rehabilitation aimed at improving
hipmuscle strength (especially abduction) would be effective. However,
no association between hip iMVC and gait quality was shown. A sig-
niﬁcant deviation in GDI scores on the affected limb was present,
conﬁrming that the leg scheduled for THA demonstrates reduced gait
quality. The relative small sample size, hip pain and self-selected
velocity are factors to be considered, when interpreting these associa-
tions. Further research is needed to investigate how the surgical
approach and rehabilitation affects the patient’s gait velocity and
quality.Table 1
Multiple and simple regressions for maximal voluntary contraction (iMVC) of hip
extension, ﬂexion and abduction versus gait velocity or Gait deviation index (GDI) (n
¼ 20)
Independent variable Mean  SD R2 p-value
Gait velocity (m/s) 1.15  0.14
Multiple regression 0.43 0.03
Simple regression
Hip extension (Nm/kg) 2.26  0.59 0.03 0.45
Hip ﬂexion (Nm/kg) 1.37  0.41 0.16 0.08
Hip abduction (Nm/kg) 1.57  0.39 0.23 0.03
GDI 85.3  8.6
Multiple regression 0.16 0.42
Simple regression
Hip extension (Nm/kg) 2.26  0.59 0.00 0.98
Hip ﬂexion (Nm/kg) 1.37  0.41 0.02 0.52
Hip abduction (Nm/kg) 1.57  0.39 0.07 0.25181
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R.W. van Deursen, K. Button, P. Rimmer, P.E. Roos. Cardiff Univ., Cardiff,
United Kingdom
Purpose: The single leg squat is an exercise that is used in rehabil-
itation of knee conditions and is related to return to daily activities
such as stair climbing. It is not well understood how different con-
ditions challenge the knee. Insights into this could result in better
targeted rehabilitation. The aim of this study was to investigate
whether compensation strategies during a single leg squat differed
between types of knee condition.
Methods: Motion capture data of ﬁve consecutive single leg squats
were collected on 16 healthy subjects (CONT: 5 female, 11 male; 26 
:7yrs; 75  19 kg; 1.74  0.11 m), 17 subjects treated surgically for
anterior cruciate ligament (ACL) injury (ACLR: 7 female, 10 male; 32 
10 yrs; 80  12 kg; 1.73  0.07 m), 16 subjects treated conservatively
for ACL injury (ACLD: 5 female, 11 male; 31  6 yrs; 77  12 kg; 1.77 
0.07 m) and 16 subjects with patellofemoral pain (PFP: 7 female, 9
male; 28  10 yrs; 78  23 kg; 1.70  0.10 m). Kinematics and inverse
dynamics were calculated using Vicon Nexus and further analysis was
performed using Matlab. The International Knee Documentation
Committee (IKDC) score for knee function and Tampa Scale for kine-
siophobia were also used. Squat performance was deﬁned by depth
and downward velocity. Knee loading was measured by means of peak
extensor moment (Mkneeext), peak adductor moment (Mkneeadd)
and patellofemoral compression force (PFJCF). Knee control strategies
were further explored in the sagittal plane using the % contribution of
the ankle, knee and hip to total support moment (Msup%ankle, Msup%
knee, Msup%hip) and in the frontal plane using medio-lateral knee
control (Fluency). Statistical differences between CONT and the four
knee condition groups were calculated in SPSS using a univariate
analysis with squat depth as covariate and statistical signiﬁcance at
p<0.05.
Results: Results are shown in Table 1. ACLD and PFP had sig-
niﬁcantly reduced knee function and increased kinesiophobia com-
pared to ACLR. All knee condition groups showed a signiﬁcantly
reduced squat depth and velocity, with the largest decrease in
velocity in PFP. Sagittal plane knee loading (Mkneeext and PFJCF)
was signiﬁcantly reduced in both ACL groups but not in PFP, while
frontal plane loading (Mkneeadd) was signiﬁcantly increased in all
knee condition groups. The strategy used by the ACL groups to
reduce sagittal plane knee loading was to decrease the knee con-
tribution to the total support moment (Msup%knee). PFP showed a
similar distribution of the support moment over the ankle, knee and
hip to CONT. Further investigation of this compensation strategy
showed that there was a signiﬁcant correlation (Pearson) between
Msup%knee and Msup%hip (r ¼ -0.816, p<0.001), but not Msup%
ankle (p ¼ 0.413). These relationships are shown in the ﬁgure. This
indicates that in all subject groups a reduced knee contribution to
the total support moment went accompanied with an increased hip
contribution, but no altered ankle contribution. Surprisingly, the
knee condition groups showed no changes in the frontal plane knee
control compared to CONT.
Conclusions: This study demonstrated that there were some dif-
ferences in single leg squat strategies between the knee condition
groups. Interestingly, PFP were similar to ACLD with regards to
knee function and kinesiophobia, but adopted different squat
strategies. PFP demonstrated a large decrease in velocity, but no
sagittal plane changes compared to CONT, while ACLD did not
reduce velocity, but did show changes in movement strategy in the
sagittal plane. ACLR on the other hand differed from ACLD, with
better knee function and less presence of kinesiophobia, but
showed similar squat strategies to ACLD. This highlights that per-
formance measures such as squat depth alone are not sufﬁcient to
inform treatment selection.
CONT ACLD ACLR PFP
Clinical IKDC - 64  11 83  14 64  15
Kinesiophobia - 40  6 31  5 37  8
Performance Depth () 74  15 64  9* 64  13* 63  19*
Velocity (m/s) -0.53  0.19 -0.53  0.17* -0.52  0.18* -0.38  0.14*
Loading Mkneeext (Bw.Ht) 0.066  0.019 0.053  0.013* 0.051  0.021* 0.059  0.021
PFJCF (Bw) 3.2  1.1 2.4  0.7* 2.2  0.9* 2.81.1
Mkneeadd (Bw.Ht) 0.041  0.016 0.052  0.013* 0.044  0.018* 0.043  0.017*
Control Msup%ankle (%) 31.8  5.1 34.2  6.1 33.4  7.0 31.9  5.4
Msup%knee (%) 31.0  10.1 25.0  8.6* 26.7  10.9* 31.3  10.5
Msup%hip (%) 37.1  12.3 40.8  11.8 38.0  13.7 37.6  10.7
Fluency (s) 0.17  0.05 0.16  0.05 0.17  0.05 0.17  0.05
Mean output parameters with standard deviations,*: p<0.05, signiﬁcant difference from CONT
Normal-weight Obese
Medial femur condyle
Maximal anterior-posterior excursion 9.2 3.6 mm 10.4  1.7 mm
Maximal medial-lateral excursion 3.5  1.0 mm 1.9 0.3 mm*
Total 3D-displacement 11.9  4.2 mm 13.7 1.9 mm
Lateral femur condyle
Maximal anterior-posterior excursion 6.3  1.9 mm 10.6  5.6 mm
Maximal medial-lateral excursion 2.0  1.1 mm 1.9  1.8 mm
Total 3D-displacement 10.0  5.2 mm 17.3  13.5 mm
Medial tibia plateau
Maximal anterior-posterior excursion 6.6  4.0 mm 7.8  1.8 mm
Maximal medial-lateral excursion 1.4  1.0 mm 1.6  0.4 mm
Total 3D-displacement 8.6  4.4 mm 10.8  1.7 mm
Lateral tibia plateau
Maximal anterior-posterior excursion 5.7  2.7 mm 7.7  1.9 mm
Maximal medial-lateral excursion 1.3  0.5 mm 1.5  1.3 mm
Total 3D-displacement 7.7  3.1 mm 11.0  1.6 mm
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OARSI SCHOLARSHIP: KNEE KINEMATICS DURING GAIT IN OBESE
AND NORMAL-WEIGHT WOMEN USING HIGH-SPEED BIPLANE
RADIOGRAPHY
J. Runhaar y, J.M. Trout z, A.J. Chambers z, S.M. Bierma-Zeinstra y,
S. Tashman z. y Erasmus Univ. Med. Ctr., Rotterdam, Netherlands; zUniv. of
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Purpose: Obesity is a major risk factor for the onset of knee osteo-
arthritis. The increased and altered biomechanical load on the knee
joint in obese individuals is regarded as one of the factors behind this
relationship. Most studies on knee biomechanics have used surface
marker-based systems. The measurement error of these systems (3 to
13 mm and 2 to 4.4) makes proper evaluation of knee joint kinematics,
especially in the frontal and transverse planes, very problematic. High-
speed biplane radiography, in combinationwith computed tomography
(CT), offers a very accurate and valid method for the tracking of human
bone during physical activity (mean error 0.5 mm and 0.6). Purpose of
the present pilot study is to evaluate the highly accurate arthrokine-
matics of the knee joint during the ﬁrst part of the stance phase of gait
between otherwise healthy middle-aged obese women and normal-
weight controls, both without knee complaints.
Methods: Up to now, three obese (BMI  30 kg/m2) and four normal-
weight women (BMI between 20 and 25 kg/m2) between 40 and 60
years, without a history of knee injury and without knee complaints
were included in this on-going study. During a ﬁrst visit, subjects were
placed at a treadmill (1.1 m/sec) within the biplane radiography system.
X-ray data from two angulated cameras was collected at 100 frames/sec
for three gait cycles. At a second visit, a CT scan of the right leg was
acquired to generate a surface model of the femur and tibia. Radio-
graphic data and the surface model were combined into custom made
software. For each frame, the orientation of the surface model was
scaled to optimally ﬁt both X-rays acquisitions. Hence, the 3D ori-
entation of the femur and tibia was determined from heel strike to mid-
stance. For each frame, the location of the shortest distance between
femur and tibia was determined as surrogate marker of the contact
point between both bones. It’s total 3D displacement and maximal
excursion (antero-posterior and medio-lateral) on the femoral condyles
and the tibial plateau, scaled to the tibial plateauwidth, during the early
stance phase was compared between groups using t-tests with a sig-
niﬁcance level of 0.05.
Results: Mean age and BMI were 51.3  8.4 years and 22.8  2.3 kg/m2
in the normal-weight group and 51.5 7.4 years and 33.6 1.4 kg/m2 in
the obese, respectively. Knees were in the ﬁeld of view during the ﬁrst
34% of the stance phase during all trials. Mean displacements per groupare given in the Table. The Figure shows two representative examples of
the displacement of the contact point between the femur and tibia
throughout the early part of the stance phase for the normal-weight
and obese group.
Conclusions: Preliminary data of this on-going study showed sig-
niﬁcantly less medial-lateral excursion on the medial femur condyle in
obese women during the early stance phase. The trend towards more
total 3D-displacement on all joint surfaces among the obese women
suggested a higher velocity between the femur and tibia. A higher
contact velocity will probably result in higher shear stress on the car-
tilage, which is suggested to be a cause of cartilage degeneration. More
data will be gathered for a more robust comparison between groups.
